This study attempts to optimize the spinning process used for fabricating hollow fiber membranes using the response surface methodology (RSM). The spinning factors considered for the experimental design are the dope extrusion rate (DER), air gap length (AGL), coagulation bath temperature (CBT), bore fluid ratio (BFR), and post-treatment time (PT) whilst the response investigated is rejection. The optimal spinning conditions promising the high rejection performance of polyethersulfone (PES) ultrafiltration hollow fiber membranes for oily wastewater treatment are at the dope extrusion rate of 2.13 cm 3 /min, air gap length of 0 cm, coagulation bath temperature of 30˝C, and bore fluid ratio (NMP/H 2 O) of 0.01/99.99 wt %. This study will ultimately enable the membrane fabricators to produce high-performance membranes that contribute towards the availability of a more sustainable water supply system.
Introduction
Water is an important element in life. Oceans are providing 97.5% water for our planet but only 1% is reachable for consumption. Currently, the world is undergoing a critical water quality crisis because of the increasing number of populations, poor practices of industrialization and urbanization, as well as the uncontrollable discharge of polluted and harmful water [1] . It is obvious that freshwater and oceanic ecosystems across the earth are gradually endangered and polluted. Thus, it is strongly agreed that future water demand cannot be fulfilled unless wastewater management is restructured. As an important resource for life, sustainable development, and good ecosystems, water is a very important agenda for research and technological evolution programs. As we know, inadequacy of wastewater management gives a direct influence on the biological diversity of ecosystems, disturbing the basic principle of our life support systems. In other words, lack of infrastructure and good management plan to handle the rising capacity of wastewater generated are the main problem of the water crisis. One of the most important central roles of wastewater management in sustainable development is to increase the reuse potential of wastewater as water is becoming scarce and polluted day by day [2] . Therefore, cheap and reliable treatment methods are needed so that water could be safely used and dangerous contaminants of heavy metals and harmful microbes in wastewater could be removed up to a safer level. To overcome this issue, membrane separation has become a well-known technique for wastewater reuse applications, because it is capable of clearing away complex particles of dissolved and particulate contaminants in wastewater especially for treating oily wastewater [3] [4] [5] [6] .
Nowadays, the development of asymmetric membranes for ultrafiltration has attracted much attention and support from both the academia and industry, considering their business potentials and benefits. In common, a dry/wet spinning technique of a phase inversion process is commonly used to fabricate hollow fiber membranes, which possess an asymmetric structure. During the dry/wet spinning process, several spinning conditions will influence the hollow fiber membranes' properties such as structures, dimensions, and separation performances. In order to explore the relationship between membrane properties and spinning conditions, a lot of studies have been done [7, 8] . For the past few years, spinning conditions have been recognized as the controlling factors for the preparation of superior performance asymmetric hollow fiber membranes. To date, many studies have been performed to explore the effects of the concentration of dope solution, air gap length, dope extrusion rate, and bore fluid ratio on the hollow fiber membranes' properties and performances. For example, Chung and Hu [9] discovered that by increasing the air gap length, the flux of polyethersulfone (PES) hollow fiber membranes is decreased. Chung et al. [10] reported that PES ultrafiltration hollow fiber membranes prepared at various dope extrusion rates, possess different selectivity and permeability for both gas and liquid filtration processes. However, not much has been said regarding the collective effect of dope extrusion rate, air gap length, coagulation bath temperature, bore fluid ratio, and post-treatment time on the performance of PES ultrafiltration hollow fiber membranes.
In applying spinning system technology to fabricate PES hollow fiber membranes, the relevant operating parameters have an important impact on their performance and are, therefore, worth further exploration. As we realize, in enhancing the performance of membranes, the optimization of the spinning conditions is a very critical matter. Finding an optimal solution by using an appropriate optimization method is quite challenging for researchers. Moreover, complexities in the spinning process have increased where the interaction effects between the spinning conditions also contribute to finding the optimal spinning conditions. It should be mentioned that from previous studies in solving these spinning condition optimization problems, they were handled mostly by using a conventional technique of experimentation that varied one of the independent spinning conditions and fixed the others. From previous studies, there are many researchers who have used the parameter-by-parameter optimization method based on trial and error tests to optimize the spinning conditions in fabricating hollow fiber membranes. The complexity of membrane preparation problems as numerous parameters are involved is one of the main reasons why very little work has been done to vary all these parameters simultaneously [11, 12] . Chung et al. [11, 13] , Ismail et al. [14] , and Qin et al. [15] varied the dope extrusion rate factor only and fixed other factors in fabricating PES ultrafiltration hollow fiber membranes. Likewise, Kapantaidakis et al. [16] , Khayet [17] and Qin et al. [18] varied the air gap length only and fixed other factors during membrane fabrication. Additionally, there are several researchers who varied two or more factors of these spinning conditions by using the parameter-by-parameter optimization technique [9, 16] . Apparently, the drawbacks of this method are that it needs a lot of experimental work and time, does not consider any interaction between the spinning conditions during the spinning process, and has a lower capability in optimization. Thus, it requires tremendous effort to obtain the optimum spinning conditions. Even though the traditional orthogonal technique has the ability of considering several parameters at the same time, it still cannot acquire the relationship equation that links the spinning parameters with the outcomes, and it is not easy to discover the optimal spinning parameter values and optimal response value. Furthermore, many kinds of defects usually happen on the outer layer of the membranes due to discontinuous spinning process, and the common problem is the preparation of hollow fiber membranes cannot be performed effectively because of the inappropriate settings of the spinning conditions. In general, most researchers are seeking for the appropriate settings using a small number of experiments by keeping all conditions fixed and only varying one condition in a small range as it is practical to be performed [19] .
These shortcomings of the parameter-by-parameter optimization technique can be solved via a response surface methodology (RSM), which consists of a design of experiments (DOE). By using this technique, all parameters are explored simultaneously via a set of experimental runs. Generally, RSM is a group of statistical and mathematical approaches that can be used for exploring processes, as well as for identifying and calculating the relative significance of a few affecting parameters even when complex interactions have appeared, which at last will improve and optimize the process investigated [20] . The basics of statistical design such as DOE, regression modeling techniques and optimization approaches are necessary to develop a proper response surface model. These basic parts are normally grouped into RSM. Thus, RSM provides a lot of benefits compared to the regularly-applied conventional technique. RSM is faster, reliable, and more informative, and it minimizes the total number of experimental runs enormously which contributes to speeding up experimental work and reducing expenses. Furthermore, it has been successfully used in many fields, such as biotechnology, biology, medical, chemical engineering, and many more. Thus, this study focused on the RSM approach to optimize the spinning conditions in the development of PES ultrafiltration hollow fiber membranes. The Design-Expert Version 6.0.5 software was utilized for the experimental design, regression analysis of experimental data and prediction of coefficients of the regression equation. The spinning conditions investigated were the dope extrusion rate, air gap length, coagulation bath temperature, bore fluid ratio, and post-treatment time. Main effects and interaction effects of these spinning conditions on the rejection performance of PES hollow fiber membranes were explored.
Experimental Procedures

Materials
Polyethersulfone (PES) pellets, bought from Solvay Advanced Polymers, were used as the main membrane forming materials. N-methyl-2-pyrrolidone (NMP), bought from Merck in Darmstadt, Germany, was utilized as a solvent in order to dissolve the PES without additional purification. Fluka in Milwaukee has provided the polyethylene glycol (PEG 400) and it was used as an additive to enhance the properties of PES membranes. Cutting oil purchased from Ridge Tool Company (RIDGID), was utilized to synthesize oily wastewater with different concentrations of oily solutions.
Procedures of the Dry/Wet Spinning Process
A dope solution comprising 15.25% PES concentration, 66.43% NMP, 14.3% PEG, and 4.02% water was prepared using a vigorous mixture. Asymmetric PES hollow fiber membranes were fabricated in the spinning equipment as shown in Figure 1 using a spinneret with dimensions of 1100 µm (outer diameter) and 550 µm (inner diameter).
Sustainability 2015, 7, page-page 3 RSM is a group of statistical and mathematical approaches that can be used for exploring processes, as well as for identifying and calculating the relative significance of a few affecting parameters even when complex interactions have appeared, which at last will improve and optimize the process investigated [20] . The basics of statistical design such as DOE, regression modeling techniques and optimization approaches are necessary to develop a proper response surface model. These basic parts are normally grouped into RSM. Thus, RSM provides a lot of benefits compared to the regularly-applied conventional technique. RSM is faster, reliable, and more informative, and it minimizes the total number of experimental runs enormously which contributes to speeding up experimental work and reducing expenses. Furthermore, it has been successfully used in many fields, such as biotechnology, biology, medical, chemical engineering, and many more. Thus, this study focused on the RSM approach to optimize the spinning conditions in the development of PES ultrafiltration hollow fiber membranes. The Design-Expert Version 6.0.5 software was utilized for the experimental design, regression analysis of experimental data and prediction of coefficients of the regression equation. The spinning conditions investigated were the dope extrusion rate, air gap length, coagulation bath temperature, bore fluid ratio, and post-treatment time. Main effects and interaction effects of these spinning conditions on the rejection performance of PES hollow fiber membranes were explored.
Experimental Procedures
Materials
Procedures of the Dry/Wet Spinning Process
A dope solution comprising 15.25% PES concentration, 66.43% NMP, 14.3% PEG, and 4.02% water was prepared using a vigorous mixture. Asymmetric PES hollow fiber membranes were fabricated in the spinning equipment as shown in Figure 1 using a spinneret with dimensions of 1100 μm (outer diameter) and 550 μm (inner diameter). (14) schematic spinneret [21] .
A dope reservoir was linked with an N 2 gas cylinder. The process started when the dope solution and the bore fluid solution were extruded at the same time through a tube-in-orifice. During the extrusion process, shear stress occurred inside the spinneret at a controlled rate. For the bore fluid solution composition, it consisted of mixtures of pure water and NMP with various ratios. Then, the membranes passed through an air gap with a particular height. After that, the membranes entered a coagulation bath at a controlled temperature, which consisted of tap water. Subsequently, the membranes passed through a few continuous rollers from the coagulation bath to the washing bath. Next, the membranes were gathered onto a wind-up drum. Following this, the membranes were cleaned and immersed in water for two days at the ambient temperature. The membranes were gathered and after that they were treated to clear away any residual solvent. The membranes were submerged into a methanol solution for a specific duration to minimize membrane shrinkage, which normally occurred during the process of drying. The water in the membrane pores was substituted with the exchanged reagent (methanol) during this post-treatment procedure. The exchanged reagent used has a lower surface tension. Lastly, prior to a characterization process, the membranes were dried at the room temperature.
Oily Wastewater Treatment by Ultrafiltration Process
The ultrafiltration experiments were operated in a cross flow separation setup as illustrated in Figure 2 . The water flux rig comprised a pump, a 4 L feed tank, and an ultrafiltration hollow fiber membrane module. A transmembrane pressure (TMP) of 1 bar was proposed, which was a suitable operating TMP for the ultrafiltration process. A cooling system was used to keep the feed solution temperature at 25˝C.
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The ultrafiltration experiments were operated in a cross flow separation setup as illustrated in Figure 2 . The water flux rig comprised a pump, a 4 L feed tank, and an ultrafiltration hollow fiber membrane module. A transmembrane pressure (TMP) of 1 bar was proposed, which was a suitable operating TMP for the ultrafiltration process. A cooling system was used to keep the feed solution temperature at 25 °C. For characterization of the rejection performance, a synthesized oily solution of 250 ppm oil concentration was used as the oily wastewater samples because this concentration is typically or normally prepared for most oily wastewater [22] [23] [24] [25] [26] . In addition, this concentration is comparable with other oil related effluent sources (palm oil mill = 50-1000 ppm, car/motorcycle workshop = 14-420 ppm, petroleum refining = 20-4000 mg/L, metal processing and finishing = 100-20000 mg/L, cleaning bilge water from ships = 30-2000 mg/L, car washing = 50-2000 mg/L, and wood preservation = 50-1500 mg/L) [27] [28] [29] . In order to reduce the variation of wastewater quality, synthetic oily water was used to represent the attributes of oily wastewater (feed solution). In this respect, distilled water and cutting oil were mixed and blended using a blender for several minutes at the room temperature until they were well mixed. A UV-VIS spectrophotometer (DR 5000, Hach, Colorado, CO, USA) with absorbance measured at 294 nm was used to characterize both the feed and permeate oil concentrations. It was discovered that absorbance and oil concentration have a linear relationship between them. A sum of 31 bundles of the membranes were potted to investigate 28 different combinations of the spinning conditions for experimentation and three combinations of For characterization of the rejection performance, a synthesized oily solution of 250 ppm oil concentration was used as the oily wastewater samples because this concentration is typically or normally prepared for most oily wastewater [22] [23] [24] [25] [26] . In addition, this concentration is comparable with other oil related effluent sources (palm oil mill = 50-1000 ppm, car/motorcycle workshop = 14-420 ppm, petroleum refining = 20-4000 mg/L, metal processing and finishing = 100-20,000 mg/L, cleaning bilge water from ships = 30-2000 mg/L, car washing = 50-2000 mg/L, and wood preservation = 50-1500 mg/L) [27] [28] [29] . In order to reduce the variation of wastewater quality, synthetic oily water was used to represent the attributes of oily wastewater (feed solution). In this respect, distilled water and cutting oil were mixed and blended using a blender for several minutes at the room temperature until they were well mixed. A UV-VIS spectrophotometer (DR 5000, Hach, Colorado, CO, USA) with absorbance measured at 294 nm was used to characterize both the feed and permeate oil concentrations. It was discovered that absorbance and oil concentration have a linear relationship between them. A sum of 31 bundles of the membranes were potted to investigate 28 different combinations of the spinning conditions for experimentation and three combinations of the spinning conditions for validation. The rejection performance was computed using the following formula:
(1) ‚ C p = the solute concentration of permeate; ‚ C f = the solute concentration of feed.
Experimental Design
In terms of experiments, we used a central composite design (CCD), by which the factorial part is a fractional factorial design with resolution V and overall, it consists of combinations of high levels and low levels, center points as well as axial points. CCD is a preferable method compared to other methods such as Box-Behnken design (BBD), etc., because the CCD methodology provides better information at or beyond the limits of the spinning process, while the BBD method does not provide information at the spinning process limits and it cannot be built up in two steps beginning with a 2 k design. In this research, the five chosen spinning variables, which are dope extrusion rate (DER), air gap length (AGL), coagulation bath temperature (CBT), bore fluid ratio (BFR) and post-treatment time (PT), and their respective details are given in Table 1 . The design matrix involves 28 trials by which it consists of a half fractional factorial experiment with design resolution V, as well as four replications of center points and eight axial points, while, the output response evaluated is rejection. The layout of the experiments produced via the Design-Expert Version 6.0.5 software and the outcomes obtained are displayed in Table 2 . 
Response Surface Methodology
From Table 2 , the experimental data were used to find the coefficients of the second-order regression model for rejection. Plots of contour and response surface were generated for various interactions between two spinning parameters. The plots of three-dimensional surface produce a precise geometrical representation and provide good knowledge regarding the performance of the spinning system.
Results and Discussion
ANOVA Analysis
An ANOVA analysis was implemented to check the developed model. Table 3 exhibits the  ANOVA table for the rejection surface quadratic model. From Table 3 , the "Prob > F" value for the rejection model is smaller than 0.05 and it shows the model is significant. In other words, it shows the terms in the rejection model have an important influence on the response. Therefore, the main effects of DER (A), AGL (B), CBT (C), and BFR (D), the second order effect of D 2 , as well as the two-level interactions of AB, AC, AD, BC, and BD are the rejection model terms which are significant. The terms that are not significant (A 2 , B 2 , and C 2 ) were then eliminated by the software, thus generating an improved model. In order to remove the insignificant model terms, the backward elimination approach was used. Note that the term CD was not eliminated because it was required to support the hierarchy of the model. Table 4 depicts the resulting ANOVA table for the rejection reduced quadratic model and the "Prob > F" value for the model is still significant. The main effects of DER (A), AGL (B), CBT (C), and BFR (D), the two-level interactions of AB, AC, AD, BC, BD, and CD, as well as the second order effect of D 2 are significant model terms. AGL (B) is the most critical spinning condition related to the rejection performance. This is due to the fact that increasing the air gap length is acknowledged to influence the outer skin formation of the membranes, thus affecting the rejection performance. Additionally, the results show that the interaction between AGL (B) and BFR (D) also gives a critical effect to the rejection value. However, PT (E) is found to be insignificant during the development of the first-order rejection model and it has been removed from the model. Though PT (E) is indicated as not having a significant impact on the rejection performance in this study, post-treatment was found to have a significant effect on the permeation properties of hollow fiber membranes and was claimed to be another factor worth examining according to Kim et al. [30] , Wan et al. [31] , and Wang et al. [32] . They claimed that post-treatment is a solvent exchange process to remove solvent residue and a lack of proper post-treatment would cause shrinkage, thus reducing the porosity and changing the pore structure of the membranes. Therefore, one of the ways to explore the effect of post-treatment on membrane performance is by varying the duration of the treatment, which is PT. The insignificant lack of fit represents that the model is fit and desirable. The R 2 value of 0.9283 is quite close to one and this suggests that the predicted quadratic model defines the real behavior of the spinning system. In addition, the closer the adjusted R 2 value to the R 2 advocates the higher significance of the model. Furthermore, the "Adeq Precision" value is higher than four and it exhibits sufficient model discrimination. The final empirical rejection model of actual factors is formulated as below:
R "´86.99`20.23ˆA`7.51ˆB`6.29ˆC´0.77ˆD0 .014ˆD 2`3 .60ˆAˆB´0.71ˆAˆC´0.095ˆAˆD 0.94ˆBˆC`0.41ˆBˆD´0.025ˆCˆD
This model is capable of estimating the rejection value within the range of experimental variables. Figure 3 displays the normal plot of residuals for the rejection model. The plot shows that the residuals are normally distributed along the normal probability line. It means that the error distribution is approximately normal for all series of data, which implies that the model is adequate. Figure 4 exhibits the studentized residuals versus the predicted values in which all data are shown to be in the range, and no abnormal trend exists.
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This model is capable of estimating the rejection value within the range of experimental variables. Figure 3 displays the normal plot of residuals for the rejection model. The plot shows that the residuals are normally distributed along the normal probability line. It means that the error distribution is approximately normal for all series of data, which implies that the model is adequate. Figure 4 exhibits the studentized residuals versus the predicted values in which all data are shown to be in the range, and no abnormal trend exists. In order to rank the order of the spinning conditions based on their significance, the F value could be utilized. In this research, the order of importance is discovered to be AGL > BFR > CBT > DER. By using the point prediction capability of the Design-Expert software, the obtained optimal spinning conditions are displayed in Table 5 . 
Effect of Spinning Variables on Rejection
The plots of contour, three-dimensional surface, and interaction illustrate the influence of different spinning conditions on rejection and they are portrayed in Figures 5-10 . Figure 5a ,b illustrate that rejection increases when increasing both DER and AGL while fixing CBT and BFR at their center points. Further investigation in Figure 5c shows that at a lower DER, a better rejection is obtainable at 0 cm AGL when CBT and BFR are not at their center points. However, at a DER above approximately 2.6 cm 3 /min, the reverse occurs where a better rejection is achievable at 2 cm AGL. This is because the interaction between DER and AGL gives a significant effect on rejection. Figure 6a ,b exhibit that as DER and CBT increase, rejection is increased when AGL and BFR are fixed at their center points. Figure 6c shows that at a lower DER, a better rejection is achievable at 30˝C CBT. However, at a DER above approximately 3.8 cm 3 /min, the reverse occurs where a better rejection is obtainable at 18˝C CBT because the interaction between DER and CBT is significant (conditions fixed at AGL of 2 cm and BFR of 70 wt % NMP). Figure 7a ,b show that as BFR increases, rejection is increased. However, as BFR is within the range of 22 to 43.75 wt % NMP, rejection decreases, while as BFR decreases from 22 to 0 wt % NMP, rejection increases (for DER between 4 to 4.5 cm 3 /min). Additionally, at any particular DER, the best rejection is obtainable when BFR is approximately from 0 to 8.75 wt % NMP. Figure 7c shows that at a lower DER, a better rejection is obtainable at 70 wt % NMP in BFR. However, the reverse occurs at DER approximately 3.4 cm 3 /min and above where a better rejection is obtainable at 0 wt % NMP in BFR when AGL and CBR are not at their center points. From Figure 8a ,b, they show that rejection increases when increasing both AGL and CBT while fixing DER and BFR at their center points. However in Figure 8c , it shows that the interaction between AGL and CBT has a significant effect on rejection when DER and BFR are not at their center points. At a lower AGL, a better rejection is achievable at 30˝C CBT but when AGL is above approximately 0.35 cm, the reverse occurs where a better rejection is obtainable at 18˝C CBT. Figure 9a -c show that at a lower AGL, a better rejection is obtainable at 0 wt % NMP in BFR, however at an AGL approximately 1.75 cm and above, a better rejection is obtainable at 70 wt % NMP in BFR when DER and CBT are fixed at their center points. Figure 10a ,b show that rejection decreases when BFR is increased but the reverse happens when BFR reaches about 43.75 wt % NMP and above (DER and AGL are fixed at their center points). A good rejection is obtainable when BFR is within the range of approximately 0 to 8.75 wt % NMP. When, DER and AGL are not at their center points, the interaction between CBT and BFR has a significant effect on rejection (Figure 10c) . At a lower CBT, a better rejection is obtainable at 70 wt % NMP. However, at approximately 20˝C CBT and above, the reverse occurs where a better rejection is achievable at 0 wt % NMP. 
Model Validation and Confirmation Run
For validating the adequacy of the rejection model generated, three confirmation runs were conducted. For all confirmation experiments, the test conditions chosen were conditions that have not been utilized in previous trials, yet still in the range of the spinning condition levels which have been described earlier. From the software, the point prediction capability was used to estimate the rejection values of the confirmation runs in association with a 95% prediction interval. The values of the estimation were dependent on the rejection regression model generated earlier. After that, all the values of the prediction were compared with the values of the actual experiments to compute the residual and percentage of error for each condition. Table 6 exhibits the results computed. As a comparison between the actual and estimated values for rejection, the percentage of error obtained is as follows:´5.90 to 2.60%. From these results, the empirical model generated is reasonably precise for predicting rejection because all the actual values from the confirmation runs are within a 95% prediction interval. 
Conclusions
The work presented in this article has proven the usefulness of RSM to find the optimal spinning conditions in the fabrication of PES ultrafiltration hollow fiber membranes. The effects of varying DER, AGL, CBT, BFR, and PT on rejection were explored via RSM. The ANOVA results displayed that the main effect of AGL and interaction of AGL with BFR are the most significant factors that influence the rejection performance of PES ultrafiltration hollow fiber membranes. The rejection model developed using RSM is considerably accurate and it can be utilized for prediction purposes within the limits of the variables investigated. In addition to this, the plots of surface and contour are absolutely beneficial in visualizing the main and interaction effects of the variables. According to the regression model, a maximum rejection of 99.48% could be achieved under the following preparation conditions: a dope extrusion rate of 2.13 cm 3 /min, an air gap length of 0 cm, a coagulation bath temperature of 30˝C, and a bore fluid ratio (NMP/H 2 O) of 0.01/99.99 wt %.
At this point, it is relevant to highlight that using these proposed optimal spinning conditions represents an effective approach to produce PES ultrafiltration hollow fiber membranes used in oily wastewater treatment.
